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Expanding the Capability of Pb-Acid Batteries

Advantages: cheap materials, high discharge power, 

low self-discharge, recyclable, safety

Figure Credits: May et al., J. Energy Storage, 15 (2018)

Project Rationale:

Å Current lead batteries are largely designed for SLI market.

Å This project will revisit battery design rules and additives used 

for lead acid using modern analytical tools and cycling protocols.

Å Understanding the mechanisms driving utilization and cyclability 

could make lead acid a strong contender for stationary 

applications. 

Disadvantages: limited cycle life from multiple degradation 

processes and deep cycling

Using molecular-level investigations to help transform Pb-acid 

batteries into a viable grid storage technology

Integrated Multi-Institute Collaboration:

Å Drawing together molecular spectroscopy (PNNL), x-ray 

analysis (ANL), and industrial expertise (RSR)



Multi-Modal Characterization Across Length Scales

Å Cell level (10-3ï1 m): 

Á grid design, stratification

Å Particle level (10-9 - 10-5m):

Á conductive networks, porosity

ÅMolecular level: 

Á Pb solvation, nucleation and growth/dissolution of PbSO4

Maximizing utilization and cycle life involves processes linked over a wide 

range of length scales, from the molecular to the cell level
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Understanding cell-level 

issues related to 

performance (charge 

acceptance, sulfation, 

grid corrosion) requires 

knowledge at all three 

length scales.

Figure adapted from: Papa Lopes et al., 

Science, 360 (2020)
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Molecular-Level View of the Electrolyte

PbSO4 (aq)H2SO4 (aq) Lignosulfonate (aq)

Sulfuric acid solution forms a deep eutectic, which is 

why Pb-acid batteries can operate at low 

temperatures (adapted from J. Appl. Cryst. 45, 2012)

Å SO4
2- availability and lignins: critical for high discharge rates 

Å Pb2+ solubility: critical for high charge rates

Understanding the structure of the acid and its interactions with 

Pb2+ ions and additives, such as lignosulfonates, is a crucial 

first step for understanding nucleation/dissolution during 

charge/discharge.

The electrolyte performs a central role in Pb-acid performance: 

charge transport and the electrochemical reaction itself

- +

Schematic Figure Credit: Huang et al., Int. J. Energy Res., 40 (2016)
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Integrated, Multi-Modal Techniques

PDF, EXAFS

DFT Shift Calculation

17O, 33S NMR Linewidth, Shift

17O NMR T1, 
1H PFG Diffusivity

Viscometry

In situ Raman Spectroscopy

ICP-MS

Solution 

Structure and 

Interactions

Transport 

and 

Dynamics

Degradation 

Monitoring

Contending with the complicated molecular-scale 

processes which drive performance


